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An up-tcvdate strategy to optimally produce human .'"^"f 
immunization or by secondary in vivo stimulation of immunized donors is discussed m detad. The effa:t of 
Xo^oiopi^ aaTdipeptide on the B ceU suppression by lysosome-rich cytolytic cells and the 
LSu^rEpstein-Barr virus trLformation Of immune B lymphocytes «.-Pl^««i. The descnb«3 
^atSy aiows a routine production of human hybridomas. derived from peripheral blood lymphocytes 
a^d eSibitSig a producti^^ty in the range of 20-50 lg/24 h per 10« cells. Furthermore, the possibihues 
to modulate antibody isotype and affinity by molecular biological methods is reviewed. 
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Introduction 



High expectations on human monoclonal anti- 
bodies as the solution to .problems connected with 
antibody mediated immunotherapy have been ex- 
pressed by several investigators (for review, see 
Lalrrick and Bourla, 1986; James and Bell, 1987). 
To this date, however, only very limited experi- 
ence using human monoclonal antibodies in in 
vivo trials has been reported (PhiUps et al., 1982; 
Irie and Morton, 1986; Burnett et al., 1987) and 
the full clinical potential of these antibodies re- 
mains to be further investigated. The suggested, 
and partially verified, advantages of human mono- 
\ clonal antibodies, as compared to mouse antibod- 
ies, are: first, they drastically reduce an anti-Ig 
response when used in vivo in patients. Sensitiza- 
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tion of patients with foreign mouse proteins have 
in several investigations been shown to give a 
nuLmber of side ef fectij such as fever, rashes, vomit- 
ing, urticaria, j bronchospasm, tachycardia, dys- 
pnea, etc. These side effects are normally transient 
and dissappeair as soon as the infusion of mouse 
antibodies is interrupted. However, much more 
serious is the fact that the efficiency of the im- 
munotherapy is severely reduced since mouse 
monoclonal antibodies are complexed by the 
humoral anti-immunoglobulin response mounted 
by the patient receiving the treatment. Secondly, 
the asparagine-linked carbohydrate sequences of 
human monoclonal antibodies are more compati- 
ble with Fc receptors on human effector cells, as 
compared with carbohydrate sequences on mouse 
antibodies. Thirdly, a different repertoir of anti- 
body specificities can be obtained in human 
monoclonal antibodies; xenogeneic immunizations 
predominantly give antibodies against im- 
munodominant membrane-bound antigenic struc- 
tures, like blood group substances, monomorphic 
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(frame work) epitopes on human histocompatibil- 
ity antigens, etc. In contrast, human antibodies 
tend to recognize polymorphic epitopes on histo- 
compatibility antigens (Effros et aL, . 1986), 
tumor- associated antigens - 'altered self antigens 
- and other determinants that the murine immune 
system neglects (Schlom et al., 1980; Ohlin et al:,; ' 
1989a). Desi^ite the fact that tumor-specific anti- 
gens have not been identified, except for the idio- 
typic T and B cell receptors in lymphoproliferative 
diseases, this implies that the human immune re- 
sponse to autochthonous tumors could be unique 
and that even small alterations in antigen struc- 
tures will be discovered. This would enable us to 
obtain completely new and more fine-tuned 
specificities in human monoclonal antibodies as 
compared to mouse monoclonal antibodies. How- 
ever, this fact might limit a inore general use of 
the technology to genetically engineer antibodies 
(Jones et al., 1986) by combining mouse gene 
segments coding for the complementarity de- 
termining regions with segments coding for con- 
stant regions of a human antibody, since the 
specificity of these chimeric antibodies will still be 
determined by the mouse immune system. 

Below, I will briefly describe the present prob- 
lems in human hybridoma technology and in de- 
tail discuss the present strategy to solve the most 
important and how to optimally obtain antigen- 
specific antibodies. For more comprehensive co- 
varage of the overall area of human hybridomas, I 
refer to the following reviews (Engleman et al., 
1985; James and Bell, 1987; Borrebaeck, 1988c). 



Present problems in human hybridoma technology 

Almost a decade has passed since the first 
reports on human monoclonal antibodies were 
published and some of the past production prob- 
lems have been solved although several still re- 
main the same (Table I). Significant research ef- 
forts have been focussed in problems 1 and 2 and 
based on previous experience with mouse spleno- 
cytes (reviewed by Borrebaeck, 1986, 1988a) re- 
cent progress using human B lymphocytes seems 
to pave the way to routinely perform in vitro 
immunizations for the production of human anti- 
bodies (reviewed in Borrebaeck, 1988b). This is 



TABLE I ; ; 

PAST AND PRESENT PROBLEMS IN HUMAN HY- 
BRIDOMA TECHNOLOGY 

1. Source of human B lymphocytes 

2. In vitro immunization of human B lymphocytes '{ 

3. Immortalization of immune human B lymphocytes ' / 'U 

4. Stability of human hybridoma cell lines ' \^^} 

5. Modulation of isotype and affinity of the human antibody .,4)^ 

6. Production and purification of multi-gram quantities of ^ 
monoclonal antibody 



absolutely necessary since totally very few anti- 
gens can be utilized in a situation where hurnan 
individuals deliberately are . being inununized.. In 
vitro immunization is the induction of an 
antigen- specific, primary inxmune response and 
results in the production of IgM antibodies, ex- 
hibiting binding constants in the range 10^-10^ 
M"^. However, in vitro inamunization technology 
can also preferably be used to effectively induce a 
secondary, antigen-driven\ immune response in 
preactivated B cells and results in the production 
of primarily IgG antibodies, exhibiting binding 
constants > 10^ M"\ . 

Different approaches to nnmortalization are 
described in detail by Jonak and co-workes (1988) 
and Kozbor (1988), using DNA transfection or 
Epstein-Barr virus infection of B cells, respec- 
tively. The stability problem of human hybridoma 
cell lines has, through the years, been very pro- 
nounced and the majority of himian hybridomas 
found in the literature do not exist today. This 
problem might be overcome either by the new and 
more stable fusion partners that have emerged in 
recent years or preferably by different ways of 
inmiortalizing. 

Modulation of isotype and affinity of the pro- 
duced himian monoclonal antibody is one prob- 
lem that by preference can be solved by. genetic 
engineering of a preformed human monoclonal 
antibody. Using this technology, the gene segment 
coding for the constant region of the heavy chain 
can be changed and an isotype switch from IgM 
to IgG can be achieved, thereby obtaining a 
chimeric human /human antibody (Morrison, 
1985). Furthermore, an increased antibody affinity 
might be obtained by applying site-directed muta- 
genesis to the heavy and hght chain variable re- 
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gions of moncx:lonal antibodies (Roberts et aL, 
1987). 

Finally, production of purification of multi- 
grann quantities of human monoclonal antibodies 
are problems where the experience still is limited 
and routine solutions to these problems await 
further investigations and access to a variety of 
human hybridomas. For economic feasibility as 
well as for in vivo therapeutic antibody apphca- 
tions, the human monoclonal antibodies have to 
be produced by adaptation of the hybridomas to 
growth in animal cell fermentors or large-scale- 
culture equipment based on hollow fiber/ceramic 
core units. 



How to avoid problems in human hybridoma tech- 
nology 

Source of human B lymphocytes 

The most xeadily available lymphoid compart- 
ment is by far peripheral blood. Compared to 
other sources obtained by surgery, e.g., spleens, 
tonsils, or lymph nodes, peripheral blood easily 
lends itself to repeated sampling from the same 
individual. However, peripheral blood has con- 
sistendy performed very p^rly when used for the 
production of both mouse aad human monoclonal 
antibodies and has been considered to be a subop- 
timal source of lymphoid cells (Olsson et al., 1983; 
Lagac^ and Brbdeur, 1985; Ho, 1987; James and 
Bell, 1987). The reason for this might be the 
failure to realize that human B cells found in the 
peripheral blood could be imder more severe sup- 
pression compared to B cells in, e.g., the spleen 
and lymph nodes, since the role of the former 
lymphoid compartment is not to act as an activa- 
tion site but rather as a transport system connect- 
ing both central and peripheral lymphoid organs. 
Furthermore, one need to investigate the activa- 
ti^||^>^athways of B cells of different lymphoid 
bnmns, . since, e.g., the lymphokine requirements 
, mky vary depending on what lymphoid compart- 
; me:nt the cells are isolated from (Jelinek and Lip- 
; sky, 1987). To finally become a generally available 
! technology, it must, however, be possible to 
; routinely produce human monoclonal antibodies 
i, using peripheral blood lymphocytes (PBL), since 
•the availability of surgically removed lymphoid 



organs is very scarce in large parts of the Western 
world. To investigate the apphcability of human 
PBL for the production of human monoclonal 
antibodies, we recently determined the lympho- 
kine requirements during in vitro activations of 
PBLs (Danielsson et al., 1987). The results clearly 
showed that peripheral B lymphocytes were not 
antigen specifically activated if cultured in the 
presence of only antigen and various lymphokines. 
It was necessary to separate individual cell popu- 
lations and reconstruct a mixture of T, B and 
accessory cells at a fixed ratio before an antigen- 
specific activation could be recorded (Danielsson 
et al., 1987). This supports the fact that peripheral 
B lymphocytes are subjected to a cell-mediated 
supressive restraint more severe than, e.g., splenic 
B ceUs. 

In vitro immunization of human B lymphocytes 

The clonotype frequency of epitope- specific B 
cells in human peripheral blood has been esti- 
mated by limiting dilution experiments to 
lO'^^-lO"^, depending on the immune status of 
the donor (Yarchoan et al.,, 1981; Carson and 
Freimark, 1986; Yamaura et al., 1986). Theoreti- 
cally, if an in vitro inmiunization culture of hu- 
man peripheral blood lymphocytes consists of tot- 
ally 10^ ceUs, approximately 10^ of these are con- 
sequently clonotype specific. However, due to an 
antig^-specific clonal expansion during an in vitro 
immunization period, each B cell might expand to 
approximately 1-3 X 10^ cells (using a culture 
period of 6-7 days and a B cell generation time of 
20 h). Starting with 10^ cells, this would (on day 7) 
at best give us approximately 3 X 10^ cells of a 
specific clonotype. This points to the need of 
alternative immortalization techniques that allow 
us to rescue a small amount of specific B ceUs, 
since the fusion frequency of human-human or 
human-mouse hybridoma system is 1 in 10^-10^ 
cells (Abrams et al., 1983). ^ 

Danielsson and co-workers (1987) recently in- 
vestigated the requirements of cytokines during an 
in vitro inmiunization and clonal expansion of 
human peripheral blood lymphocytes. To be able 
to antigen-specifically activate any of the periph- 
eral B cells at all, the blood mononuclear cell 
population had to be separated into subpopula- 
tions consisting of T, B or accessory cells (A cells); 
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ANTIGEN 



KLH 



sPWM-T 



no. of plaque for ming cells/lO' 
ji^^LH Ovalbumin 



' B cells 



Gelatin 



(1) 
(2) 
(3) 
(4) 
(5) 



+ 



+ 



0 

105 
170 
7 
0 



0 
15 
23 
8 
0 



0 
1 
0 
1 
0 



-r , 

■ SPWM-T: 25% supema tan. from PWM sun.ulated (10 PWM/nJ Tor 24 h), iixadiated (2000 rad) human T cells. 

IL-2: 5 U/ml. 

MoUer and Borrebaeck, 1985. 



unseparated cells cxjuld not be anligen-specifically 
activated. A recombination of the purified cell 
populations af the ratio 0.25 : 1 : 2 of A, B and T 
cells, respectively, was then shown to give 100-200 
specific plaque-forming cells/10^ B cells. The ef- 
fect of recombinant lL-1, IL-2, and IFN-y to- 
gether with BCDF and sPWM-T were tested usmg 
this combination of T, B, and A cells (Table II). 
The presence of sPWM-T was shown to be crucial 
for an antigen-specific activation of peripheral B 
ceUs. The addition of exogenous IL-2 further m- 
creased the number of plaque-forming cells, 
whereas IL-l and BCDF had no effect in the 
described system (Danielsson et al., 1987). These 
results pointed to the important fact that human B 
lymphocytes were subjected to suppression from 
other ceU populations present in peripheral blood. 




. Lou-OMo * LaoOMe 

Treatment 

Fig- 1 Effect of treaung human peripheral lymphocytes with 
leucine methyl ester (Leu-OMe) before an in vitro immuniza- 
tion using 1 /ig KLH/ml. The culture was also supplemented 
with 5 U IL-2/ml and sPWM-T (25%), cultured for 6 days and 
tested using a plaque assay (Moller and Borrebaeck, 1985). The 
plaque number is the mean of tripUcaie assays. 



which prevented the B ceUs from being antigen- 
specifically activated unless the suppressive sub- 
populations were removed. ^ 

A number of different cell types, e.g., CDS or 
CDS-'/CDll"' T cells, large granular lympho- 
cytes, cytotoxic T cellsrmonocytes, etc., were in- 
vestigated in an attempt to identify what cell 
population(s) that was involved in the suppression 
of an antigen-specific activation of peripheral B 
lymphocytes. FinaUy, a lysosomotropic methyl es- 

TABLE III 

THE EFFECT OF LEU CYL- LEU CINE METHYL ESTER 
(LL) ON HUMAN PERIPHERAL LYMPHOCYTES, MEA- 
SURED 18 h AFTER TREATMENT 

The values are given as % of total number of cells counted. 
Leu7 reacts predominanUy with natural kiUer cells and a 
subset of T cells; CD16 defines the Fc receptor on natural 
killer cells and neutrophilic granulocytes; CD14 defines mono- 
cytes- CD20 defines B cells; CD45R defines a 220 kDa antigen 
found on NK cells. B ceUs, and T cells; CD4/CD45R defines 
suppressor/inducer T helper cells. Adapted from OhUn et al. 
(1989b). 



Experiment: 


no. 1 




no. 2 




treatment: 




LL 




LL 


Marker 










Leu7 


2.1 


0.3 


4.9 


0.2 


CD16 


5.3 


0.2 


7.5 


0.3 


CD14 


19 


0.2 


11 


0.2 


CD8 


32 


29 


34 


24 


CD4 


61 


73 


47 


64 


CD20 


8.3 


6.5 


17 


14 


CD4/CD45R 


49 


54 


29 


40 


CD8/CD11 


6.0 


0.0 


6.0 


0.0 
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ler of leucine or its dipeptide leucyl-leucine, ini- 
tially described by Thiele and Lipsky (1985a,b), 
was shown to have a profound effect on cells that 
were down-regulating the antigen- specific activa- 
tion of peripheral blood B lymphocjaes (Fig. 1 
and Table III (Borrebaeck et al., 1987; Ohlin et 
al., 1989b). The suppression was thus mediated by 
lysosome-rich natural killer (suppressor?) cells, 
monocytes, and a subset of cytotoxic CD8"*' T 
cells. 

In summary, the necessary treatment of PBL is 
performed using 125-250 /nM of leucyl-leucine 
methyl ester in serum- free medium for 15 min 
(Ohlin el al., 1989b). The cell yield is normally 
65% (n = 35), although it might vary between 
40-90% depending on the individual buffy coat. If 
much lower yields are consistently achieved the 
batch of dipeptide should be changed, since this 
chemical is aging which may result in an excessive 
cell death. The treated peripheral blood lympho- 
cytes are then cultured at a cell density of 3.5 X 10* 
cells/ml of supplemented RPMI 1640, containing 
10% human ABO serum, 25% sPWM-T, and 5 U 
IL-2/ml. The culture period is 6 days and the 
antigen concentration should be in the range 
10-500 ng/ml; it is very important to test several 
antigen concentrations^ e.g., 25, 125, and 500 
ng/ml, wheri starting wim a new immuhogen since 
the optimal amount differ between antigens. 

The described primary in vitro immunization 
teclmology using leucine methyl ester-treated pe- 
ripheral blood lymphocytes has allowed the pro- 
di^ction of human monoclonal antibodies against 
a /number of different antigens, e.g., recombinant 
p)ep tides from gpl 20/41 of HIV (Borrebaeck et 
al., 1988d; Ohlin et al., 1989a), digoxin (Bor- 
rebaeck et al., 1987), the Thomsen-Friedenreich 
antigen (Jansson and Borrebaeck, unpublished 
data), trombocytic antigens (Hagen et al., unpub- 
lished data), Mycoplasma hominis (Moller and 
Borrebaeck, 1989), etc. Furthermore, the same im- 
munization system can preferentially be used to 
induce a secondary in vitro stimulation thus clon- 
ally expanding in vivo preactivated B cells against, 
e.g., viral antigens. The technology, as described 
above, has been applied to in vitro stimulation of 
cells derived from seropositive individuals and the 
production of numerous hybridomas secreting 
specific antibodies against cytomegalovirus has 



been recorded (Ohlin and Borrebaeck, unpub- 
lished data). 

Immortalization of immune human B lymphocytes 

Presentiy, the most frequent way to immortal- 
ize immunized human B cells is by conventional 
PEG fusion or by an initial infection using the B 
lymphotropic herpesvirus, Epstein-Barr virus, fol- 
lowed by a subsequent PEG fusion, a technique 
introduced by Kozbor and co-workers (1982). As 
discussed previously, the immortalization frequen- 
cies are crucial to improve the probability to ob- 
tain a high yield of desired antigen-specific hy- 
bridomas or lymphoblastoid cell Unes. Compared 
to PEG-fusion, the EBV infection has been re- 
ported to give several orders of magnitude more 
favorable fusion frequency and an infection rate 
of oyer 1% of the B cells is not imusual (Engleman 
et al., 1985; Yamaura et al., 1986; Nakamura et 
al., 1988; Ohlin et al., 1989b). Presently, this must 
be considered as the desired approach for the 
production of human monoclonal antibodies from 
in vitro or in vivo immunized cells (Ohlin et al., 
1989a). It jwas worth noting that the EBV receptor 
(CD21) on human B cells was still expressed after 
a 6 day m vitro mMnumzauon, which 15 Ltl contras t 
to p revious beliefs that ' CD21 disappears o n 
activated B lymphocytes. TTiis is obviously not the 
case and EBV; activation of in - vitro immunized 
cells has been Showii to presentl^^ .be the superior 
method of immortalization (OhUn et al., 1989a). 
Furthermore, since the treatment of PBL with 
leucyl-leucine methyl ester eliminates all lyso- 
some-rich, B cell-suppressive and cytolytic cells, 
including natural killer cells, the outgrowth of B 
cell clones from this population is significantly 
higher, as comp ared to untreated cell (Table IV). 
7 In summary, the in vitro immunized huinan B 
/ lymphocytes are washed arid then incubated in 
supernatant from B95-8 cells for 2 h. The cells are 
washed and seeded at 5 X 10"* cells/microwell, 
together with 10"* irradiated PBL as feeder cells. 
After a culture period of normally 3-4 weeks the 
supematants are tested using a solid-phaise en- 
zyme immunoassay. After expansion of cells from 
antibody positive wells, it is very important to test 
for unspecific reactivity against, e.g., plastic, 
bovine serum albumin, gelatin, etc. The EBV 
activated cells are fused as soon as possible with a 
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TABLE IV 

B CELL TRANSFORMATION FREQUENCIES FROM 
EBV-INFECTED PERIPHERAL B LYMPHOCYTES, WITH 
OR WITHOUT LEUCYL-LEUCINE METHYL ESTER- 
TREATMENT, AS DETERMINED BY POISSON DISTRI- 
BUTION CALCULATIONS 



Cell prelreat- 


B cells/ 


Average no. of 


ment 


weU 


clones/well " 


None 


100 


03 


None 


2500 


0.8 


LeuLeu-OMc 


100 


t).9 


LeuLeu-OMe 


2500 


>3'' 



• Wells containing > 50 cells/well were scored as positive. 
^ Experiments ^ving > 95% growth positive wells. 



heteromyeloma (mouse X human), which normally 
gives the best yield of hybridomas. The fusion 
ensures a more stable phenotype and an increased 
antibody production, as compared to the EBV 
hnes. 

A schematic representation of the approaches 
discussed above is shown in Fig. 2. 

Stability and Ig productivity of human hybridom cell 

lines • \ .'Js^: i- •! .:l 

The approach described abo:v;e, involving in 
vitro inununization/stimulation - ahd subsequent 
EBV. activation/somatic cell fiisipii,i'has ifi a num-. 
ber ; of cases given a satisfactory / yield, of* ^ 'hy t ^ 
bridomas exhibiting a Ipng jt^irtij [stability in cul- 
ture, i.e. >6 months. The jprpductivity of these 
cell lines hasjbeen tested and vadiiyte^^j M as 140 
/ig/24 h per ,10* cells have b<^A|e||jji^^ (Ohlin et 
al., impubUshed data), althoughJ^pJpij;oductivity is 
normally in the range 20-50 l^-Z^^^ h per 10* cell. 
This is similar to many mouse Ihybridomas and 
hence the productivity does not seem to impose 
the same problem as previously, when values 
around 0.5-1 ftg/ml were coromon for human 
hybridomas constructed using human fusion 
partners.; . . - 

Modulation of isotype and affinity of human anti- 
body 

Isotype, affinity, and specificity of antibodies 
are important parameters which we need to 
tailor-make for individual applications of human 
monoclonal antibodies. Today, molecular biology 



Antigen 
(10-500 ng/ml) 



Leu - Leu -O Me 
treated PBL 





IL-2 (5IU/mI) 




sPWM-T 



6 days culture 



EBV infection 



ELISA test 



Fusion 



ELISA test 



Production of human 
monoclonal antibodies 



Fig. 2. A schematic presentation of the different steps involved 
in an optimal production technology of human monoclonal 
antibodies, using in vitro immunized human peripheral B cells 
(PBL). Leu-Leu-OMe, leucyl-leudne methyl esier; sPWM-T, 
supernatant from PWM stimulated (10 mS/™1 for 24 h), irradi- 
ated (2000 rad) human T cells; lL-2, interleuldn-2. 



has provided us with the tools necessary to per- 
form these manipulations and there are important 
advantages using these approaches. First, the ef- 
fector functions of the antibody molecule can be 
tailored as required, e.g., IgGl and IgG3 human 
isotypes have been shown to be the most effective 
in complement and cell-mediated lysis (Brugge- 
mann et al., 1987; Liu et al., 1987; Shaw et al., 
1987) and would therefore be selected for anti-;-/ 
body-mediated destruction of timior cells. Secondly 
the antibody affinity and specificity can be mod- 
ulated using site-directed mutagenesis, as elegancy 
shown by Roberts et al. (1987) using an antibody 
(Gloop2) directed against a smaU peptide of lyso- 
zyme; this approach enables them to increase the 
affinity > eight times and to decrease the. ability 
of the antibody to cross-react with closely 'related 
antigens. 
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Chimeric antibodies, i.e., antibodies with varia- 
ble domains from mice and framework domains 
from humans, have recently been constructed and 
one example has been reported where each of the 
complementarity determining regions (CDRl-3) 
of the rodent heavy and light chains have been 
transplanted into a human framework; a human 
IgGl antibody was modified by transplantation of 
only the antigen binding sites from a rat anti-hu- 
man lymphocyte antibody (CAMPATH-1) (Reich- 
mann et al., 1988). However, the grafting of rat 
CDRs into the human fraftiework did not turn out 
to be a simple matter of replacing the six CDRl-3 
of the human antibody with those from the rat 
and the resulting human chimeric antibody re- 
acted pooriy with the CAMPATH-1 antigen. The 
result suggested an error in the packing of the 
reshaped domains in the human FRs which re- 
sulted in an approximately 40 times lower antigen 
reactivity compared to the original antibody. It 
was only after site-directed mutagenesis that a 
mutant V„ was obtained which exhibited a re- 
stored antigen binding (Reichmann et al., 1988). 
This illustrates the important fact that hypervaria- 
ble regions are not isolated within the antigen 
binding site but rather make a number of contacts 
with residues of the framework. It also points to a 
problem th^t might prfcyent humanizing from 
being the general approach to obtaining human 
monoclonal antibodies as once was expected 
(Cheetham, 1988). . 

However, human/human chimeric antibodies 
would overcome most of the problems above. If 
the ^ene segments coding for the entire and Vl 
domains of a human monoclonal antibody, pro- 
duced by in vitro immunization, were cloned into 
vectors containing the desired human constant 
gene segements, one would obtain a human/hu- 
man chimeric monoclonal antibody with a 
specificity determined by the human immune re- 
/ . I^Y^ponse. We have during recent years investigated a 
j;'kj^e^ approach to the cloning of gene segments 
■ ! ; that code for the variable regions of human mono- 
f clonal antibodies. These gene segments could easily 
i. ! be ampUfied from single hybridoma cells, using 
/ the polymerase chain reaction and a set of degen- 
j erate pmners for the 5' end of the variable Ig 
>!) region (Larrick et al., 1989). The enzymatically 
hj ampUfied variable gene segments could subse- 



quently be cloned directly into a M13 phage vec- 
tor or into an expression vector together with, e.g., 
the yl constant region gene segment. Presently, 
the production of tailor-made human /human 
monoclonal antibodies, constructed from PCR- 
amplified variable gene segments derived from in 
vitro immimized cells, is investigated. If routinely 
apphcable, this approach might eventually solve 
most of the present problems associated with the 
production of human monoclonal antibodies. 
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